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boundary fluctuations five crossings were 
observed between 30 and 40 Rs. ln all, 
Pioneer 11 spent some 2 V2 days within 
Saturn's magnetosphere. 

A most surprising aspect of the magnetic 
data is that Saturn's field shows no 
detectable periodicity at the planetary spin 
period ( -10 h), implying that the dipole 
moment vector is aligned within -1 o of the 
spin axis. This observation sets an 
important new constraint on dynamo 
theories of the origin of planetary fields, as 
it had generally been supposed on the basis 
of the other planets that a tilt angle of 
- 10° might be fundamental. It also 
frustrates attempts to measure accurately 
the internal rotation period of the planet. 

Properties of the magnetosphere 
ln general, the structure and properties 
of magnetospheric plasmas depend very 
strongly on the nature of the plasma flow 
within the magnetosphere. Simple 
estimates before the Pioneer encounter 
showed that the overwhelmingly dominant 
flow in the case of Saturn (and Jupiter) 
should be simple corotation with the 
planet. This is unlike the Earth's 
magnetosphere, where a solar-wind driven 
convection rather like that in a falling 
raindrop is usually dominant, and where 
only a rather small 'core' of dipolar field 
lines near the Earth corotate with the 
planet. The difference arises mainly from 
the much higher dipole moments of Jupiter 
and Saturn compared with Earth, 
combined with their faster rotation rates . 

ln a corotating magnetosphere the only 
direct source of plasma is cold ions and 
electrons from the planet's ionosphere, 
together possibly with a lunar contribution 
if any emitting moons happen to lie within 
it (for example the volcanic moon Io in 
Jupiter's magnetosphere). This thermal 
plasma will be the dominant component in 
terms of number density inside such 
magnetospheres. However, more energetic 
charged particles originating mainly in the 
solar wind can become trapped in the outer 
part of the magnetic field if the flow 
fluctuates, as is always the case in practice, 
and the fluctuations will then diffuse these 
particles deep into the corotating region. 
An equilibrium energetic particle radiation 
belt will then be formed inside the 
magnetosphere (like the Van Allen belt 
inside the Earth's corotating 'core'), in 
which diffusion steadily feeds particles 
inwards from the outer source into the 
internal sinks (for example, absorption by 
the planetary atmosphere, or by moons 
and ring material). 

The Pioneer spacecraft were not 
adequately instrumented to measure the 
dominant thermal plasma component with 
particle energies in the eV to keVrange, but 
some information can be extracted from 
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the solar wind instrument under 
favourable circumstances. At Saturn, 
corotating thermal plasma was nearly 
continuously observed by Pioneer 11 
during the inbound pass and distinct flux 
peaks were observed at the distances 
corresponding to the orbits of Dione and 
Tethys. The ionic component of this 
plasma appears to be mainly 0 + (or 
possibly OH +)such that the source may be 
sputtered or photodissociated ices 
originating at these bodies. 

Much more information is available on 
the energetic radiation belt particles, 
measurements by four instrument 
packages being made in the energy range 
from several tens of keV up to several tens 
of MeV. The flux of protons at fixed energy 
initially increases steeply with decreasing 
distance from the planet (as expected from 
inward diffusion, since particles gain 
energy proportional to the field strength as 
they move inwards). However, a peak is 
reached at -7 Rs and then fluxes fall 
precipitately by more than a factor of 100, 
reaching a minimum value at the orbit of 
Enceladus at -4 R s· Absorption by Dione, 
Tethys and Enceladus (see figure) may be 
significant in forming this proton 'slot', 
but particle precipitation into Saturn's 
atmosphere due to scattering by waves 
excited in the thermal plasma may have a 
major role. 

Inside the orbit of Enceladus energetic 
proton fluxes again rapidly rise with 
decreasing distance, reach a secondary 
peak at -2.7 Rs before finally falling by 
more than three orders of magnitude to 
below detectability at the outer edge of the 
A ring. Within this inner zone of proton 
fluxes deep and narrow absorption 
features occur at the orbit of Mimas at 3.09 
R 5 and also at 2.52 Rs, corresponding to a 
previously unknown moon, designated 
1979 S1, which had been detected a few 
hours previously on Pioneer 11 images. In 
addition, absorption features associated 
with the F ring (also newly ~een on these 
images) were observed between 2.34 and 
2.37 Rs, togetherwithafluxplateauat2.81 
Rs which may correspond to absorption by 
a rather smaller new moon. The proton 
flux increases seen on the inside of these 
absorption bands seem too sharp to be 
consistent with the simple inward diffusion 
picture, and it is likely that a second source 
of energetic protons contributes to the 
formation of the inner zone, possibly the 
debris of cosmic ray interactions with 
Saturn's atmosphere and ring material. 
The energetic electrons show many 
features which are similar to the protons, 
but only the lower energy particles are lost 
in the 'slot' region. Fluxes above -1 MeV 
continue to increase across the slot, if at a 
reduced rate, before falling to very low 
levels at and within the inner edge of the A 
ring. In general, the particle fluxes 
measured while the spacecraft passed 
under the rings were by far the lowest 
observed since the instruments had left the 
laboratory. 
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Pioneer's near miss 
A final extraordinary event took place 
during the - 4 minutes in which Pioneer 11 
crossed the 1979 S1 moon absorption band 
inbound to Saturn. For -10 s a deep 
depression in the fluxes was observed by all 
instruments capable of such resolution 
which were then above background, 
implying that Pioneer 11 had actually 
passed through the flux tube containing the 
moon, avoiding collision by only a few 
thousand kilometres. The width of the flux 
'hole' indicates a lunar radius of -100 km. 
Similar sharp features were seen in the 
F-ring absorption zone, due either to more 
moons, or to non-uniform distribution of 
ring material. A final possible lunar-related 
disturbance was seen on the outbound pass 
at -20 Rs when Pioneer 11 was -6 R 5 
downstream from Titan (Saturn's largest 
moon) in the corotating flow. Large 
amplitude oscillations were observed in the 
magnetic field for about 2 h, possibly 
indicating a hydromagnetic wake produced 
by Titan. The corotation speed at these 
distances is -200 km s -1• 

In conclusion, the Pioneer 11 mission to 
Saturn has provided a wealth of new 
information about the particle and field 
environment of the planet but leaves many 
questions only partly resolved, particularly 
as regards the thermal plasma and its 
sources, the nature of Titan's interaction 
with the magnetosphere and the existence 
of small moons inside the orbit of Mimas. 
We will not have to wait too long for some 
of the answers. Voyager 1 will make the 
second Saturn fly-by in November 1980, 
while Voyager 2 will reach the planet in 
August 1981, en route to Uranus. 
Meanwhile Pioneer 11 will continue on its 
way to become the second spacecraft to 
escape the Solar System, roughly in a 
direction opposite to that of Pioneer 10. It 
will be tracked and data on the inter
planetary medium acquired into the middle 
1980s. D 

100 years ago 

The work of casting the lenses of the great 
refracting telescope of the Paris Observatory 
has already begun at Feil's establishment. The 
founding of the flint disc has taken five days, 
and the annealing a full month . A like 
operation will soon take place for the 
Bishofsheim Observatory instrument. 

A correspondent of La Nature sends that 
paper a photograph of a curious phenomenon 
met with in the cold of December last. It shows 
a bottle which contained a solution of nitrate 
of silver (I per cent). The cork is forced out 
and imprisoned at the extremity of a long 
cylinder of ice, due to increase of the volume 
of the mass in freezing. 

From Nature 500; 1880. 
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